Abstract -We have studied the interaction between oppositely charged microparticles of polyelectrolyte hydrogels whose low-molecular-mass counterions form insoluble compounds. The intergel polyelectrolyte reaction of such polymers leads to formation of a crystalline compound in the microgel mixture phase. The asprepared samples are composites containing, along with unreacted microgel regions, the interpolyelectrolyte complex comprising the intercrystalline low-molecular-mass compound. It has been shown that both unreacted microgel regions and insoluble compound incorporated into the intergel complex can be involved in chemical modification.
INTRODUCTION
Functional hydrogels steadily attract the attention of researchers since such materials are useful for creating soft robots and actuators. The properties of hydrogels, such as swellability, permeability, and mechanical characteristics, vary in a wide range depending on external conditions. There are gels that are sensitive to changes in temperature, pH, the ionic strength of the surrounding solution, and the action of electric, magnetic, and mechanical fields.
Microgels with a particle size ranging from several microns to hundreds of microns occupy an intermediate position between macrogels and nanogels, and their properties are controlled by both surface phenomena and processes taking place in the gel bulk. Polyelectrolyte gels, which can multiply change their volume (gel collapse) in response to variations in external conditions, especially due to interaction with high-molecular-mass and low-molecular-mass amphiphilic compounds, seem to be the most fascinating and promising candidates [1] . New opportunities have been opened due to the design of materials based on mixed systems containing particles of oppositely charged microgels. There is no doubt that the study of such systems is of significant interest for fundamental polymer science and practical applications.
Earlier [2] , we demonstrated that the particles of oppositely charge gels of network polyelectrolytes with linear dimensions on the order of 100 µ m can efficiently interact to produce continuously dispersed systems. The release of low-molecular-mass counterions of network polyelectrolytes and water in the surrounding solution as a result of this interaction and the sensitivity of the process to the presence of low-molecularmass salts suggest the electrostatic nature of intergel interaction. The interaction of oppositely charged gel particles proceeds in the boundary regions of microgels as the interpolymer addition reaction, which is well known for pairs of oppositely charged linear polyelectrolytes and linear and network polyelectrolytes [3] [4] [5] [6] .
In this paper, we are concerned with the intergel reaction releasing counterions of oppositely charged microgels which gives rise to the insoluble compound. Such reactions may be of interest for creation of complex nano-and microcomposite systems.
EXPERIMENTAL
In this study, we used anionic network polymers based on 2-acrylamido-2-methylpropanesulfonic acid (PAMPS) and cationic network polymers based on diallyldimethylammonium chloride (PDAC).
Network polymers were prepared by the free-radical copolymerization of corresponding monomers with the bifunctional crosslinking agent N,N' -methylenebisacrylamide (20 wt %) in aqueous solutions at 45-50° C according to the procedure described in [7, 8] . The contents of the crosslinking agent were 1 (PDAC) and 4 mol % (PAMPS) with respect to the overall content of the comonomers. Polymerization was initiated by ammonium persulfate. Microgel samples in the form of a flat plate were synthesized in a narrow (1 mm) gap between glasses.
Microgel particles were prepared by the mechanical dispersion of macroscopic samples from swollen gels via their triple squeezing through a stainless mesh grid with mesh dimensions of 110 microns. Intergel composites (mixtures of oppositely charged microgels) were prepared by mixing different microgel particles in dilute (5 vol %) aqueous dispersions of equilibrium swollen microgels.
The presence of low-molecular-mass ions was estimated by drop reactions with silver nitrate (chloride ions), silver nitrate and ammonium persulfate (bromide ions), and hydrazine hydrate (silver ions). The quantitative content of chloride ions was measured by the conductometric titration of supernatant with silver nitrate solution.
The conductivity of solutions was measured with a CDM83 conductivity apparatus equipped with a CDC304 measuring cell (Radiometer, Denmark).
The equilibrium degree of swelling of hydrogels H = ( m s and m 0 stand for the weights of equilibrium water-swollen gel and the gel sample after drying to constant weight, respectively) was determined gravimetrically.
The pH values of solutions were measured with a Delta 350 pH meter (Mettler Toledo) equipped with a glass electrode (Germany). The instrument was adjusted using standard buffer solutions.
X-ray studies were carried out on an URD-6 diffractometer (Germany) at a wavelength of 1.54 Å (the copper anode). The size of crystallites was estimated from the width of peaks on the diffractogram using the
Scherrer equation [9] L =
, where K is a constant depending on the shape of crystallites and the method of determining peak width (taken as 0.9), λ is the X-ray radiation wavelength, ∆ (2 θ ) is FWHM (radians), and θ 0 is the diffraction angle (deg). Microscopic studies were performed on a Mikmed 2-20 optical microscope (Russia).
RESULTS AND DISCUSSION
During the squeezing of polyelectrolyte hydrogel samples through mesh grids, microgel particles with a size of 50-100 µ m develop as irregular polyhedrons [2] . Interaction between oppositely charged microgel particles causes their aggregation; as a result, pairs of oppositely charged low-molecular-mass counterions of network polyelectrolytes are released into the surrounding solution [2] . When a pair of low-molecularmass counterions gives rise to an insoluble compound, it is expected that crystals of the corresponding compound appear in the phase of the mixed microgel.
In this work, we studied the interaction of the anionic polyelectrolyte microgel in the form of a silver salt with the cationic polyelectrolyte microgel in the form of bromide.
The PAMPS polyanionic microgel was equilibrated for 12 h in 0.1 M silver nitrate solution in the dark in order to convert it into silver salt. It is known that the selective binding of single-charged counterions by network polyelectrolytes is low as a rule (e.g., the coefficient of separation of lithium and cesium ions with a membrane based on the copolymer of methyl ester of acryloyl-L -proline and acrylic acid is 1 .33 [10] ). Nevertheless, when silver ions are in considerable excess (the concentration of silver ions in solution is 0.1 mol/l, and that of hydroxonium ions (PAMPS counterions) in the gel phase is 2.4 × 10 -5 mol/l; the volume of silver nitrate solution is 15 ml, and that of the gel phase is 5 ml), a marked part of PAMPS units should convert into silver salt.
The samples of the PAMPS microgel silver salt were repeatedly kept in a large volume of distilled water and decanted to remove the excess of silver nitrate until silver ions were not detected in solution occurring in equilibrium with microgels. At the same time, the addition of hydrazine hydrate to dispersion of microgel particles causes instantaneous darkening of particles due to reduction of silver ions to the metal. This implies that the as-treated PAMPS gel actually contains silver counterions.
A similar procedure (equilibrating in solution of potassium bromide and repeated washing of its excess) was used to convert the PDAC microgel into poly(diallyldimethylammonium bromide) (PDAB). No halogen ions were detected in the liquid occurring in equilibrium with the PDAB hydrogel. At the same time, the addition of silver nitrate solution to the dispersion of the PDAB microgel leads to a rapid appearance of turbidity of initially transparent particles because of formation of silver halide; in 2-3 min, particles became dark due to the photochemical reduction of silver halide to metallic silver. Silver halide appearing in the gel phase is colorless. This prevents the ambiguous conclusion that bromide ions are present in the PDAB gel.
When ammonium persulfate solution was added to the dispersion of the PDAB microgel, the solution first became yellow and then, in 10-15 min, colorless. This is associated with the oxidation of bromide ions to molecular bromide and its additional oxidation to colorless anions of oxygen-containing bromide acids (the normal oxidative potential of the / pair is +2 V, which is much higher than the potentials of Br 2 / (+1.087 V), HBrO / Br 2 (+1.6 V), / Br 2 (+1.52 V), and other pairs involving bromide, molecular bromide, and its oxygen-containing acids [11] ). A check experiment with the PDAB microgel showed the absence of yellow color upon addition of ammonium persulfate. This implies that the PDAB microgel actually contains bromide counterions.
Mixing of dilute dispersions of transparent PDAC microgels with the silver salt of PAMPS, as in the case of PAMPS and PDAC dispersions [2] , is accompanied 
